Changes in the amplitude of cyclic load biphasically modulate endothelial cell DNA synthesis and division.
Several physical factors, including shear stress and cyclic load, modulate the ability of endothelial cells to respond to injury. The objective of these experiments was to test the hypothesis that cyclic mechanical load stimulates endothelial cell DNA synthesis and division in vitro. Rabbit aortic endothelial cells were cultured on Flex I flexible-bottomed culture plates, and subjected to load amplitudes of increasing magnitude (0, 0.18, 0.24 and 0.27 load at 1 Hz) using a Flexercell strain unit. Cells were harvested enzymatically and cell numbers determined on days 1, 3 and 5 after initiating the load regimen. DNA synthesis was quantified after trichloroacetic acid precipitation of [3H]thymidine-labeled cells from: (1) whole culture wells and (2) areas of minimum and maximum strain in culture cells. Data were analyzed using analysis of variance and a Tukey's test (n = 6 observations/strain regimen per day in triplicate). Results from analysis of endothelial cells in whole, subconfluent cultures showed that cells subjected to strains of 0.18 had a decreased rate of cell division (76% of control) and DNA synthesis (63% of control), while cells subjected to strains of 0.24 and 0.27 had an increased rate of cell division (108 and 83% increase, respectively, compared with control; p < 0.001) and DNA synthesis (39 and 172% increase, respectively, compared with control; p < 0.001 for 0.27) on day 3 when compared with control cells. The results indicate that endothelial cells respond to various physiologic levels of cyclic load in a biphasic manner to initiate DNA synthesis and cell division. These data suggest that endothelial cell mitogenesis may be modulated by specific levels of cyclic load.